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IllJSiJV^ CANCER AND INFECTIOUS DISEASE USING ANTIGEN-PRESENTING CELLS SENSITIZED 

WITH HEAT SHOCK PROTEIN-ANTIGEN COMPLEXES 



(57) Abstract 

I ^ 5'^"* invention relates to methods and compositions for enhancing immunological responses and for the prevention and 

T or pnmary and metastatic neoplastic diseases based on the administration of macrophages and/or other 

A^? I'^^^r?^^^^ "^"'^^ "^'^ ^^''^ '^"^^ non<ovalcntiy bound to peptide complexes and/or antigenic components. 

APC arc mcubated m the presence of hsp-pcpudc complexes and/or antigenic components in vitro. TTic sensitized cells are rcinfused into 
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This invention was.wde with gover™.ent support under 

z^ii"^' """'^ xns'ritutes 

Heaath. The government h.s certain rights in the invention. 

" .eth„r iovention relates to compositions and 

primary ana metastatic cancer and other 
i»»u„ologioal or infectious disorders in hu»ans using 
.acrophages sensitized with non-covalent complexes of heat 

Of tt 'Tt: """''"^^ ^" the practice 

Of the adoptive immunotherapy as a method of the invention 
comp i,,„„, ^^^^^^^ to Tp, " 

03P90. gp96 .ao„e or in combination with each oth^, nol 
covalently bound to antigenic molecules, are used t; 
sensitize macrophages In vitro to augment immune responses to 

lz::::vT''^' ^--ionttTL 

patient, m the practice of the prevention and treatment 
"fecti" !° """^'"'^ nongenotoxic factors, tumors and 

10 

»• MCKOBOOWI) nr m TWmiTmr 
Adoptive immunotherapy of cancer refers to a theraoeutl. 
approach in which immune cells with an antitumor react ^ity 
are administered to a tumor-bearing host, with the aim that 
* «L ■ °' indirectly, the 

iZT T °' tu-or. Transfusio; of 

lymphocytes, particularly T lymphocytes, fall, into this 
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category and investigator. *w 

(HCI) have ueed auto!^! , Institute 

lymphocytes oAZltZZ'T''''"' °' '^^'"'"'^ 
culture, tro. MoZe." lV-Pho=ytes (TIL,, r cell 

4.690,914, issued SeptOBber i i,J^ ' f' 

expanded in vitro 1, "xs-'Ple, Til, 

-n -puveirLi:::^rL'riLV~" 

10 tu,or regression in select T^^ P"«nts, resulting l„ 

Melanc TIL gro™ i„ x Zl T "l^ca. 
T Xy-Phocytes CO™ " "tivated 

ens unigue in w'o^riir^::::^-^; 

tenn melanoM TIL cultures Iv. '^'^'t^i'^- Many long- 

« specific «,c Class i- «d t c'll alT"" " 
«nner (Topalian, S.L., et .1 i„TT T""'"' 
However, studies of TIL derived fr^'ot.; = 

Philadelphia, pp 19-4,, ^ 1 I-Wmoott, 
high-dose 11:, r .«iv.ted 1 \ °"' »^ 
group hasC els d^T^ 
» .ever, rigors, hypot^sion !. ' 

to capiiury^l^!™;: '"Oothellal „,ii 

ev«.ts su^ as ar^h;Lus riL" """"^ """i" 

(Xosenherg S.A.. et"!?^ " .7 ^^'f 

30 

synoe^rf™""' " i-une response to 
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individually distinct iHununogenicity of these tumors were 
identified as cell-surface glycoproteins of 96kDa (gp96) and 
intracellular proteins of 84 to 86kDa (Srivastava, p.k. et 
al., 1986, Proc, Natl. Acad. Sci. USA 83:3407-3411; Ullrich 
5 S.J., et al., 1986, Proc. Natl. Acad. Scl. USA 83:3121-3125)' 
immunization of mice with gp96 or p84/86 isolated from a 
particular tumor rendered the mice immune to that particular 
tumor, but not to antigenically distinct tumors, isolation 
and characterization of genes encoding gp96 and p84/86 
10 revealed significant homology between them, and showed that 
gp96 and P84/86 were, respectively, the endoplasmic reticular 
and cytosolic counter parts of the same heat shock proteins 
(Srivastava, p.k., et al., 1988, Immunogenetics 28:205-207. 
srivastava, p.k., et al., 1991, Curr. Top. Microbiol 
15 inununol. 167:109-123). Further, hsp70 was shown to elicit 
immunity to the tumor from which it was isolated but not to 
antigenically distinct tumors. However, hsp70 depleted of 
peptides was found to lose its immunogenic activity (Udono 
M., and srivastava, p.k., 1993, J. Exp. Med. 178:1391-1396)' 
20 These Observations suggested that the heat shock proteins are 
not immunogenic per se, but are carriers of antigenic 
peptides that elicit specific immunity to cancers 
(Srivastava, p.k., 1993, Adv. Cancer Res. 62:153-177). 

" Cgll8 involved in ym^^ ^ji ^ n t ff r-n i T tl 

Cells of the immune system arise from pluripotent stem 
cells through two main lines of differentiation: a) the 
lymphoid lineage producing lymphocytes (T cells, B cells 
natural killer cells) , and b) the myeloid lineage producing 
30 phagocytes (monocytes, macrophages and neutrophils) and other 
accessory cells (antigen-presenting cells, platelets, mast 
cells and endothelial cells) (Roitt I, Brostoff j. and Male 
D., (eds.), 1993, Immunology, ch. li, Mosby London). 

In the myeloid lineage, the pluripotent stem cells 
35 generate colony-forming units (CPU) which can give rise to 
granulocytes, erythrocytes, monocytes and megakaryocytes 
(CFU-GEMM) . Interleukin-3 and granulocyte-macrophage-colony 
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Simulating factor (GM-CSP» 

saturation of granulocvf '"^^^^^ 

granulocytes and monocvtefi mu. 
present i„ perlpher.l blood l.uko^!! -onocytes 
«=M-CSr i„ vitro and „e 0.1^1^0^! T ^ '"'""'^ "i"' 

Thus, macrophages originate in ^-k u 

.nd undergo final dl«er.„tl.tion to . °^ " 

-.=r.ph.,.s in live,, .pi3« 1„ 
Macrophages appear t^ ^ 

T-ay,:Lyt.: .^dr:eu?at: :r 

IS n«iiated cytotoxicity. ^^'^ ' P"" <=«"- 

» sensitised with co^J^I. "'r™""' (APC, 

covalently bound t^an^enL " 
coi^risin, .d»i„ist.ri" !! K " "^''^ 

Ph.r™c.„tic.ny^t^j:t:rr:'t"T 

""OT or i„f«:tiou. Leaser TK "^t* 
» in the co.pi.«.. suitaM. "r s^^^iT:'''"' """^ 

include, but are not uliJ^VT "^ "crophages 

co«.ination thereo.r ^h^^e L'^CtJ^V" " ' 

comprising hsps and »n*-<„ . sensitized by complexes 

to « -hsp-sen^it^ela? 

-e host.s i^unoco^e-rr aratr^Uy'oTl" 
«lls. Adoptive i^unotherapy Wto h» , 
Mcrophages and other a^ll l»P-»en«iti2.d 

3S «a.pl., -ndritic":e^rarB■''r:TC^ 

specific i^unity to t««r cells alL, ''"f "^*") ' induce, 
pro^ting regression of t^e t"orT '"^"—ts, 

tunor nass or treatnent of 
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imu«ologlcaI aisorders or infectious di..ae... the o..e 

The present invention also enco.pasees methods for the 
prevention of cancer, infectious dieeaee. and i^^unologi^i 
inlt::."'"' i^unotherapy .ethods ofte 

m another embodiment, the methods optionally further 
comprise administering biological response modifiL Ta 

c;^Kii"::;t^';:;t:r - 



IS fro» Ki''"?/' "^^^ Benslti^ed with gp96 preparations derived 
IS fro» Nl cells are recognized by VSV-specific cytotoxic T- 

171T^'. - restricted, CD8.„ediated manner 

but PEC pulsed with gp96 derived from EL4 cells are not r^i 

Pristane-induced PEC (ixio^ from C57«i /« < ^ ^ 

; rrom C57BL/6 mice and VSV peotide 

apac f c CTL (5X10', fro. C57BL/6 mice and VSV peptide 
" .pacific CTL ,5X10., were co-oultored in presence of ^p,^ (, 

PI. e a? !.r'''' " "'"^ ^" " ^"o- 

™p-e Id " collected and 

™p-« production was measured by bioassay in a cytotoxicity 

as seeded 
» (2,500/well, in flat-bottom 96 well plates. SeriaUy diluted 
•upernatant. of PEC-CTL cocultur. were added. IT 
culturad with KEHI i«« i„ ,ep.„te wells a. control 2lr < 
br culture at 37-0, 50^1 WT (Img/ml, was added, with I Tl 

« ^rt""""' "'"^ ProP.nol-o.05M Hc . o 0 5^ 

n- was «..„r«i immadiataly. sample concentration, weri 

in miT r "''^ P"^"*" "."Ited 

xn killing Of 50* o, WEHI164 cells. ,„ The ability of 

W.»6-sen.itised macrophage to act as targets in CTL Lsavs 

circle,, or with VSV n«=leocap.id epitope peptide (10 1, 
(clced triangle, , as a positive control, or medium oontrTl 
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^(open triangle) for 2 hr at 37-0, followed by labeling with 

Cr for 1.5 h. These cells were used as targets in 4 hr "cr- 
release assay with VSV-specific CTL. (C) Anti-CD4 aAb 
(GK1.5) ascites (op«» circle), anti-CD8 mub (yTSi694) (closed 
5 square) , anti-H-aK* .Ab (V3) (closed circle) , ^nti^n^2D^ 
(B22.249) (open triangle) (obtained from American Type 
Culture collection, Washington, D.c.) or remi control (*) 
were added to the CTL assay at the same tine as effector 
cells and *»cr-labelled PEC pulsed with Ni gpse (e/t ratio 



Figure 2. Tumor growth, measured as average tumor 
diameter in 5 groups of mice challenged with ixio* cells of 
Methylcholanthrene (Meth)- A - induced tumor cells treated as 
follows: A. subcutaneous injection of buffer solution- b 
subcutaneous injection containing 9Mg gp96.peptide complexes 
derived from liver tissue; C. intraperitoneal injection with 
5x10 peritoneal exudate cells (PEC) sensitized with 9^9 gpsc- 
peptide complexes derived from normal liver (Liver gp96 + 
PBC) , D. subcutaneous injection containing g^g gp96-peptide 
complexes derived from Meth A tumor cells; and E. 
intraperitoneal injection with 5x10* pec sensitized with 9^g 
gp96-peptide complexes derived from Meth A tumor cells (Meth 
A gp96 + PEC) . ' 

25 

5. PETAILBD DRfieRTPTToit nv> jre TumffTrm 
The present invention pertains to compositions 
comprising antigen presenting cells (AFC) sensitized with 
complexes of heat shocJc proteins (hsps) non-covalently bound 
to antigenic molecules, and therapeutic and prophylactic 
methods comprising administering such compositions in 
Pharmaceutically acceptable carriers to individuals, 
preferably human, suffering from cancer, infectious 'diseases 
or immunological disorders. The APC can be selected from 
Mong those antigen presenting .cells Jcnown in the art 
including but not limited to macrophages, dendritic cells 
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B ly»phoeytes, and a ccbination thereof, .„d are preferably 
«.«ophag.e. The preferred hspe ccprlsed 1„ the Lplexes 
suitable for s.„.itizl„, the ..crophagee and/or APC iLude 
but are not U.it«, to, hsp70, hspso, and gpioo or a 

5 combination thereof, tn a preferred e«bodi.e„t, the 
sensitized cells are hu»a„ cells. In another preferred 
enbodiaent, the coiiplexes used to sensitize the cells 
co.pri.. hu..n hsps and huMn antigenic .olecules. The hso- 
.«.itiz.d cell, can be autologous or non-autologous ,e, , 
10 allogeneic) to the patient. 

in the preferred use of cells autologous to the 
individual, the use of autologous imune cell, such as 
ly»phocytee, macrophage, or other APC in adoptive 
immunotherapy, circumvents a major ethical problem - the 
W issue Of Whom to select as the donor of the immune cells for 
adoptive transfer, on. cannot immunize normal Individuals or 
even cancer patients in order to obtain immune cells, because 
IIT ^T". '""^^^'^ """genie tumor might grow 

» prob^L 01?'*"'/'° '° "^'^'^ ~ 

20 problem circumvented by use of autologous immune cells i. 

graft v.r.u. ho.t disease which can be fatal if 

unsuccessfully treated. 

acti^t^n'"^ i-»<»otherapy according to the invention allows 
« ! , ^ ° *^ i'^i^tlon with hsp-antigenic 

as .ol««.ie complexes, and measurement of reactivity against the 
tumor or infectious agent In vit«. Thi. in vitro Lost 
follows, by clonal selection and/or expansion, and patient 
str^^."""'"*"'" ' """" therapeutic/prophylactic 
" -Antigenic molecule" as used herein refers to the 

vl'vo ?rV"? T"^ ".dogenously associated in 

TZIV " precancerous or cancerous 

wWrLrn" " •""'"••/i-ono^ens (i.e., with 

Which the hsps are not oomplexed In vivo) and 

3S antigenic/immunogenic fragments and derivatives th.rsof 
Heat .hock proteins, which are also referred to 
interchangeably h«r.in as stress proteins, useful i„ the 
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meresBes when a e.li is .xt»..H ♦ concentration 
5 is capable o, binding oLT!"li° ' 

pr«.„o. Of .d«o.i„. triphosphTte uJ^, 1 7 " 

a protein ehowm, at lea.t 35* .oJZ\llTj"-°' " 

protein bavin, any of the above propem« ' ""'"^ 

" proteins to be Identmed 

Shock proteins (heps,. ^ ^^ir na»e ilues ' 
synthesized by a cell In .... "PlieB, hspe are 

three „jor fLilles of h T" *° 

-olec„l« a'l rharber*""- ""^"^ - 

IS «,d hsp9o Where the numbers re".ot'T " ' 

weight Of the stress nrot.? approximate molecular 

Of these f«.ilieTlrrfo! r " "'-Y »enbers 

response to o^er stressfT Tr'^"*""^ ^ ^n^-oed i„ 

li-ited to, nutriJt"Xt"rLtTr^^^ 
" oxygen radicals and iT T disruption, 

r^ee Welch, ly'xsM sllZtlT"' ^-tracellular pathogens. 

«sv. z^unoi. 8:401-420; Craig 1^3 I"' 
i»03; oethlng, et al., i„,, J ;s5 33:45 T f"'""'" 
»5 disclosurae of which • 22.631-677), the 

It is co„t..;iatL1,aTh T"''" 

o. these thrre'^ilt: c^L'tL" T^lT' "r^^ ^ »" 
instant invention. ^' P"°tice of the 

3. stre.1!:: c"!:: r ^-eis m 

ceils thati:; b:.n^:re:.T '° ^--^^ 

inducible -^urhrpriThardt IZl'^^.TT'^'' 
temperatures but h«r««»«o aetectable at normal 

protein, in thTceuT^^rj^^ri^ir T 
38 cell. Bioj. 101:1188-12111 T ' •* J. 

proteins are abun^a"":^ ; ^It^T 

«»«lian ceils and are further^iri: J h^'.^,":: 
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' «t ax., 1987, Genes Dev. 1:525-31). 

oil nas about 50% amino acid aequence identitv with ^ 
proteins fro. excoriates (Bardwell, .t .r \«4 " " 
Ac^. sci. 81:84«-852,. The hapeo and hspso f'^nfr", 
Show Similarly high levels of intra famiif" 
(HiCey, et al., CelTliTlZlT.lTT'' 
10 1989, «oI. C.J1. Biol. 9.-2279-J2831 , ''f*" J^'i*!. 

been discovered that Li t J t it has 

woverea that the hsp60, hap70 and hsD9n r.^t,- 

composed of proteins that are related to th^ . 

in sequence for =v»»,.i ,. . "^^ss proteins 

<iu«ice, tor example, having greater th.n ib* , 
identitv h..<- „u »'»oier tnan 35* amino acid 

stress proLin as used^hr'""''''^' ^^^^"^^^^ «^ 

luteins analoas T 

reins analogs, and variants thereof having at least 35% t« 
55%, preferably S5» t« 7ks. j -tease 35% to 

*- xaaj.y to 75%, and most preferably 7«5» ^-^ » = 
amino acid identitv t^^^-K w teraoiy 75% to 85% 

aaentity with members of the three 

stressful stimulus. The purification of stress proteins 
belonging to these three families is described bflow 

25 ^t.!„T ° «"y complex 

« containing an hsp and a molecule that is caoabi. !7 ! • 

« immune response in a mammal. The antiZl ^! 
molecula. _ . ""tisenic/immunogenic 

P^efl^L "oncovalently aesociated with the hsp. 
nreferred complexes include, but are no* n-<» ^ 

cytoplasmic hspgo's. 

« Although the hsps can be allogeneic t« ^-k. 

preferred embodiment the h««. Patient, in a 

from) the pat W T' T ^ •"tologous to (derived 

») the patient to whom they are administered. The hsps 
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and/or antigenic molecules k 

-ources, che»ic.liy .yn^Li'L """"^ 

«>e present inve„«on ' T' " """"^"""^ Produced, 
i^unot^erapy „, cen^ Ltt"!:."" '^'"^^ 
s i».nolcicel dieordereW ^ I^''^ 
i».unoc«.petence activity of im«,e 
i™unoth«:apy „ith macrophaoeB^ror 
aendritic cell. .«d B-c.ur.e:.titr.r 
-lecules, induce, .pecific i„unU„ to tr """'""'^ 
" (depending upon ^ I 'r?! ""^ 

"olecule) and lead, to reorL»<7 T antigenic 
infoctiou. diseaae. rL^c^C 

- :r^rz\uir'^^^^ 

» invention include, but ar.^lTr""' 

carcinoma., e.g. rT^olll ^"'^ •"<. 
=.ondro„r;o.. ^.te^In "^"^^^^ , 
enaothelioearco^, l^^pha^io^"!:;.'''""''"-"' - 
lyaphangioendothelioearcona, .vnovl™. 
" ieiomyoaarcoma, rhab;,^!":: "T"""'' ^^"''^ 

pancreatic cancer, brea.t ca«,L ov.w ' "-^l"""- 
cancer, .guamou. cell carcino^ Jr^c" 
adenocarcinoma, sweat ""I cell carcinoma, 

carcinoma, pap ul^* ' l' ^'"^ 

» oy.tad.„o;ar^f^:::r'.:^: aaenocarcinomas, 

carcinoma, renal c^ll ZlolZ^ l ' '"""'*°9-"ic 
carcinoma, choriocarci:i°"'.°::;^'f ""^ 

Wil-s. tumor, cervical cl^;.^ t.^'' T'^""'' 

carcinoma, ...ii cell iZ ! ' ^-"S 

3» .Pithelial carcinl carcinoma, 

cr-.iopbaryn:!!":':;^ .^^^ 

acoustic neuroma, oligod^^ul .^LT"""""*""' 
nauroblastoma, retinoblastomaTle^^r" ' 
lymphocytic leukeml. •'•<««'ia«, e.g., acute 

« (.yaiobHstic tCe^T' ^•'*«»^- 
.mbroleuxem^.. ^nT X'L "IT " 
<~cytic, leuxemi. and c J c 'l^ L^Lu, - 



wo 97/10002 W 

W PCT/US96/I45S8 

The invention also provides a n* ~, • . 
S container a ooBpl«t of an h» . , «»prisi„, i„ » 

exogenous anti^^ni" ZZTT,'^'" '° " 

in a aecond container hu.^ apc "'^"^ """'^^^ 
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cwif^ffn for BMft^tigin? nnr 

In accordance with the methods descrlhoH k . 

noieoules that are endo,enously coaplexed to hsps or me 
«U9.ns and can he used as .nti,enic ^Xecuies^ .or 
««>ple auch peptides »ay he prepared that stinulate 

antLel"; """""^ ""^'"^ ""'"^^ tu.or speci^c 

etc ) and viral protein, including, but not lUlted to 

" -p-tis typ. B, hepatitt ri"i;ur:^^\:rn/' 

r^avl^r ' -^hinovirus, echovlrus, 

rotavirus, respiratory syncytial virus, papilion. virus 
papova virus, cyto-egalovirus, echinovirus, arbovirus 

rubella Virus and polio virus, m the e.U»di„e„t wherein the 
antigenic molecules ^ wnerein the 

or nsps and antigenic molecules. 

In another specific e-bodi^nt, antigen, of cancer. 

bacterial antigens, etc., can be obtained by puriflcatio,^ 
35 recT ' ^"^"^ '^i'' P^^^cation 

35 reco»binantly, and, through in vitro procedure, such a. . 

described below, noncovalently ccple^ed to h"ps 
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section, s.r.i!^ " "'T^-" « describea 1„ 

•^•A 0.1.3 below can be enoloved 

S in .„ e^i^ent wherein' one »i.hee to 1 .„:":":"^'^>'' 
.oleculee by ooMplexin, to heps in vitro h™! 
Puriflsd for such use from th. ~> ^ 
cofflplexes 1„ ^ endogenous hsp-peptide 

oeu iinee inf...., . pr'l^rLHrLurir ^^"^^ 

pathog«,, tu»er cell, or tuaor cell lines. 



15 

5.1.1. 



S"*!^®' Purification 

The purification of hso 7o-«««*.<^ 
aescribsd previously, ..."Lr.:^ Taj" 

" :;e::ir:; a~ ' 

follows: ""'"•tion. is as 

Ly.is':;f\t'\i:;::r„r"\'" ^ vdu-.. „ 

sulfonyl fluoride .pi;., . ^^."t^Z^^TL^^lL.. 

:::;i::i"n:"L=:r:c r - --^--r^^^^^ 

^^^^ 

homoaenlzAH • ^ . "inures and then 

ly.I! homogenizsr until >9s% cells .re 

The resultina sunemxi-.^i. * ^-BAiuiar debris. 
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sepharose equilibrated with phosphate buffered saline (PBS) 
containing 2nM Ca»* and 2inM Mg'^ When the cells are lysed by 
mechanical shearing the supernatant is diluted with an equal 
volume Of 2X Lysis buffer prior to mixing with Con A 
5 sepharose. The supernatant is then allowed to bind to the 
con A sepharose for 2-3 hours at 4-C. The material that 
fails to bind is harvested and dialyzed for 36 hours (three 
times, 100 volumes each time) against lOmM Tris-Acetate pH 
7.5, O.lmM EDTA, lOmM NaCl, ImM PMSP. Then the dialyzate is 
10 centrifuged at 17,000 rpm (Sorvall SS34 rotor) for 20 
minutes. Then the resulting supernatant is harvested and 
applied to a Mono Q FPLC column equilibrated in 20mM Tris- 
Acetate pH 7.5, 20mM NaCl, O.lmM EDTA and 15mM 2- 
mercaptoethanol. The column is then developed with a 20mM to 
15 SOOmM NaCl gradient and then eluted fractions fractionated by 
sodium dodecyl sulfate-polyacrylamide gel electrophoresis 
(SDS-PAGE) and characterized by immunoblotting using an 
appropriate anti-hsp70 antibody (such as from clone N27F3-4, 
from StressGen) . 

20 Fractions strongly immunoreactive with the anti-hsp70 

antibody are pooled and the hsp70-peptide complexes 
precipitated with ammonium sulfate; specifically with a 50%- 
70% ammonium sulfate cut. The resulting precipitate is then 
harvested by centrifugation at 17,000 rpm (SS34 Sorvall 

25 rotor) and washed with 70% ammonium sulfate. The washed 
precipitate is then solubilized and any residual ammonium 
sulfate removed by gel filtration on a Sephadex" G25 column 
(Pharmacia) . if necessary the hsp70 preparation thus 
obtained can be repurif ied through the Mono Q fpcl Column as 
30 described above. 

The h8p70-peptide complex can be purified to apparent 
homogeneity using this method. Typically img of hsp70- 
peptide complex can be purified from Ig of cells/tissue. 

The present invention further describes a new and rapid 
35 method for purification of hsp70-peptide complexes. This 
improved method uses chromatography with ADP affixed to a 
solid substratum (e.g., ADP-agarose) . The resulting hsp70 
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»ore tL„ 10 foia Al* r?"'"" ^^"'"^^'"'"y "y about 
n„»H r ? Alt«n.atively, chro»«tography with 

nonhydrply^.bI. analog, of ATP, instead of Id/ LI T 
S in Chromatography for purifioation of h.p o"^tU. 
co.pl«„. By ^ limitation 

purification of hsp70-peptiae co»pl„.» 
=l>ro~tography wa. earriad out a. follows^ «It^ T 

» ::f":r':L" r-' — - Cpo^t-r- 
»inut,/a": r::''rz::^r-^z:r - 

.PPliea to an ADP-agaroa. or an ArP-agaro'e ,o\l 
column, ware wa.h«, in buffer and were elutedt^ , 

or 3 mM ATP v*Aei*^«^4.i , wirn 3 Mm ADP 

Preparations of h^^^ nT ' :™r~' 

preparation, was tested for presence rp^pr des'te 
*DP-bound/eluted hsp70 preparation was found tH! ? 

with peptide.. While the AT|.-bound/elutedro70 
20 was not. una/eiuted hsp70 preparation 

s.l.a. Preparation and Purification 

a r a>p »o-nentid. off n g ) „ t i 

example and not limitation, i. .s follows- 

r::ir>r:er'- ---x-t: -^ed, on 
.0 «»i„.tii:'^ra\:::n.r :: ir::: 

„ - . -nee homcenil^r n :1:::'ZIT .T" 

to re.r utro\rLu\:tcurr:t;'''°°' " — 

■^AB, nuclei and other cellular debris. 
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The resulting supernatant is recentrifuged at 100,000g for 
90 ninutes, the supernatant harvested and then mixed with Con 
A Sepharose equilibrated with PBS containing 2«M Ca- and 2m 
Mg . When the cells are lysed by mechanical shearing the 
S supernatant is diluted with an equal volume of 2X Lysis 
buffer prior to mixing with Con A Sepharose. The supernatant 
IS then allowed to bind to the Con A Sepharose for 2-3 hours 
at 4-c. The material that fails to bind is harvested and 
dialyzed for 36 hours (three times, lOO volumes each time) 
PMsT'..""^ Tris-Acetate pH 7.5, o.lmM EDTA, lOmM HaCl, L 
PMSF. Then the dialyzate is centrifuged at l7,ooo rpm 
(sorvall SS34 rotor) for 20 minutes. Then the resulting 
supernatant is harvested and applied to a Mono Q FPLC column 
equilibrated with lysis buffer. The proteins are then eluted 
15 With a salt gradient of 200mM to eoOmM Naci. 

The eluted fractions are fractionated by SDS-PAGE and 
fractions containing the hsp90-peptide complexes identified 
by immunoblotting using an anti.hsp90 antibody such as 3G3 
(Affinity Bioreagents) . Hsp90-peptide complexes can be 
20 purified to apparent homogeneity using this procedure. 
Typically, 150-200 Mg of hsp90-peptide complex can be 
purified from Ig of cells/tissue. 

5.1.3. Preparation and Purification 
25 9t <n>»6-peptid> eafpjyff^p 

A procedure that can be used, presented by way of 
example and not limitation, is as follows: 

A pellet of tumors is resuspended in 3 volumes of buffer 

PMSp'Ind^L'' T ^i-^^'o-te buffer (pH 7.5, and ImM 

30 PMSP and the cells allowed to swell on ice 20 minutes. The 
cell pellet then is homogenized in a Dounce homogenizer (the 
appropriate clearance of the homogenizer will vary according 
to each cells type) on ice until >95% cells are lysed. 

The lysate is centrifuged at l,000g for lo minutes to 
35 remove unbrOcen cells, nuclei and other debris. The 
supernatant from this centrifugation step then is 
recentrifuged at loo,000g for 90 minutes. The gp96-peptide 
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complex can be purified «4 4-k 

fro« i.h« 'billed either from the 100,000 pellet or 

rrom the supernatant pexxec or 

uBu wi^n PBS containing 2nM Ca'* and 9»m w 2+ 
the .lurry i. p.o.c«, l„to . colln .nd w.shl ITJ 
buffer until the 00^ arop. to ^s.xl ^ " '^'^^ 

washed With 1/3 colu», bed volu« of lo, T 
" (a-HM, dissolved i„ pbs =o„t.i„i„, J".' r^jr^t 
ooluan sealed with a piece of craf li™ . ' ' 

- IS -inutes. ..e„ the c„i'u::"'^trt:rr " 

rive column volumes of the ry-MM k,,^* 
" to the colu-n and the eluate enei^L ^ T-ZT ^ 

the resulting .ateri.l is about 60-95. ! typically 

depends upon the cell type an^ tn I 

ratio used Th.„ tissue-to-lysis buffer 

colunn (Pharaacia) equilibrated with a buff.^ . / 

» sodiu. Phosphate, p„ proteins thl a^e ett'ea "' 

the column with a o-im m-^i eluted from 

.lutes .etween^o\llrS3\rlr 

additi:r.°::pr;.:r::;v:r " 
p^rjL^on^itrL'*---^^^^^^^^^^ 

other optional step involve. :>l^"s,l:i:iTj^,:i'^l':'' 

sti" ^ * - the m:::t„^ 
- ^"e^"o": cttX::- — - 

concentration of 50% a^oniu. .ulf.t. by t^H^i!? " 
.«.oniu, sulfate. ™, a„„„i„ «.lfate i. L!^ °' 
» 9.ntly .tirrin, the .olution in a bl^^er placL / ' 

i=e water. The .olution is stirred a^t , . tVC' " 
-urs at ..c and the re.ultin, .olution centrif u ^It" 000 
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rp» (Sorvall SS34 rotor) . The supernatant resulting from 
this step is removed, brought to 70% ammonium sulfate 
saturation by the addition of ammonium sulfate solution and 
centrifuged at 6,000 rpm (Sorvall SS34 rotor). The resulting 
5 pellet from this step is harvested and suspended in PBS 
containing 70% ammonium sulfate in order to rinse the pellet 
This mixture is centrifuged at 6,000 rpm (Sorvall SS34 rotor)' 
and the pellet dissolved in PBS containing 2mM Ca^- and Mg** 
undissolved material is removed by a brief centrifugation at 
10 15,000 rpm (sorvall SS34 rotor). Then, the solution is mixed 
with con A Sepharose and the procedure followed as before. 

In the second optional step, the gp96 containing 
fractions eluted from the Con A column are pooled and the 
buffer exchanged for 5mM sodium phosphate buffer, pH 7, 300mM 
15 NaCl by dialysis, or preferably by buffer exchange on a 

Sephadex G25 column. After buffer exchange, the solution is 
mixed with DEAE-Sepharose previously equilibrated with 5mM 
sodium phosphate buffer, pH 7, 300mM NaCl. The protein 
solution and the beads are mixed gently for l hour and poured 
20 into a column. Then, the column is washed with SmM sodium 
phosphate buffer, pH 7, 300mM NaCl, until the absorbance -at 
280mM drops to baseline. Then, the bound protein is eluted 
from the column with five volumes of SmM sodium phosphate 
buffer, PH 7, 700mM NaCl. Protein containing fractions are 
25 pooled and diluted with SmM sodium phosphate buffer, pH 7 in 
order to lower the salt concentration to i7SmM. The 
resulting material then is applied to the Mono Q pplc column 
(Pharmacia) equilibrated with SmM sodium phosphate buffer 
PH 7 and the protein that binds to the Mono Q fplc column' 
30 (Pharmacia) is eluted as described before. 

It is appreciated, however, that one skilled in the art 
may assess, by routine experimentation, the benefit of 
incorporating the second optional step into the purification 
protocol, in addition, it is appreciated also that the 
35 benefit of adding each of the optional steps will depend upon 
the source of the starting material. 
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5 on ice for i hour ' ' incubated 

.ever.l change, or PBS ,.a.o wiLout "'/^.r, 
r«ove the detergent. The ai.iy„t. i. ceLiTu !. ' ° 
100,0005 for 90 -inuteB, the .upemrtentT ' " 

.in. concentratione o, J e^tte^^:;" 

is purified by either the unmodified or th. !? 

for isolating gp96-B,Dtld. , "odified method 

supernatant, eeTa^'r * ' ""'O""' 
iS The gp96-peptide complexes can be purified » 

homogeneity using this procedure. A^ut To":' o'f'T"* 
be isolated from ig cells/tissue. ' 

infeet<.^.iff pinrnnp 

treat a L^i'l'"'"" '^''"'^ ""i'^O to 

infect ouT^itasT^'el'"'*""'" " 
= .1.1 - 5.1.3 Ire 'TtT" ^" ^-tions 

cells infec; d"ith an ll T^' "^P-Peptide complexes fro. 
» line or from a " Ue't l . T °' ' 

-t are not 11.^:; :T.,:T.izirTr "^^^^ 

and parasites as described in d;t.il beilw.' 
" S.1.4. Ijolatioa Of *ati,«,ie Molecules 

co»po„':.tTca':i':r,d":: """r^ 

eo^lexes .it..r\:rpr^Z:e^'r^^r:: 
,5 experimental conditions may be used to T 
end/or antigenic components L "eus ^hil 
potentially useful , contain 

y useful antigenic determinants, once i.olat«J, 
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the amino acid sequence of each antigenic peptide nay be 
determined using conventional amino acid sequencing 
methodologies. Such antigenic molecules can then be produced 
by Chemical synthesis or recombinant methods, purified, and 
5 complexed to hsps in vitro. 

Similarly, it has been found that potentially 
immunogenic peptides may be eluted from MHC-peptide complexes 
using techniques well known in the art (Falk, K. et al. 1990 
i/ature 348:248-251; Elliott, T. , et al., 1990, i^ature ' 
10 348:195-197; Palk, K. , et al., 1991, Nature 351:290-296). 

Thus, potentially immunogenic or antigenic peptides may 
be isolated from either endogenous stress protein-peptide 
complexes or endogenous MHC-peptide complexes for use 
subsequently as antigenic molecules, by complexing in vitro 
15 to hsps. Exemplary protocols for isolating peptides and/or 
antigenic components from either of the these complexes are 
set forth below. 



20 TWO methods may be used to elute the peptide from a 

stress protein-peptide complex, one approach involves 
incubating the stress protein-peptide complex in the presence 
Of ATP. The other approach involves incubating the complexes 
m a low pH buffer. 

25 Briefly the complex of interest is centrifuged through a 

centricon 10 assembly (Millipore) to remove any low molecular 
weight material loosely associated with the complex. The 
large molecular weight fraction may be removed and analyzed 

30 HPLC as described below. In the ATP incubation protocol, the 
stress protein-peptide complex in the large molecular weight 
fraction is incubated with lOmM ATP for 30 minutes at room 
temperature. i„ the low pH protocol, acetic acid or 
trifluoroacetic acid is added to the stress protein-peptide 

35 complex to give a final concentration of 10% (vol/vol) and 
the mixture incubated at room temperature in a boiling water 
bath or any temperature in between for 10 minutes (See, Van 
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Blertc, et ai., 1990, s.ture 348!2i3-2i6, and Li ,t 
1993, ^»BO Journal «:3143-3X51). ' 

The r.,ultl„, .ai^x., „, «„trlfugea through ,„ 

5 low .ole=ul.r weight frictione «. r«,over.d Z ^ 
large .oleculer weight atree. protein-Ztil J"'""'"'"^ 

b. reincubated with ATP or Xow'pH to rLte :„r:lT: 
peptides. remaining 

The resulting lower molecular weight fraeti« 
" pooled, concentrated ^ evaporation and' di! o " n„T„ 

trifiuoroacetic acid (TFA\ tho , . * 

* U*Aj. The dissolved material ie ^-u 

fractionated by revere, phase high pressure li^ia 
chro^tography ,HP1^, x using ,or example a w^C CIB rev 
Phase colunn equilibrated with 0 i» tfI ™. Z "verse 
« is then eluted at a flow rltTo, .! """^'"^ 
-eloping the colu^'^thTllaT^IilntT: tt a.» 

collect^.. ^" containing the peptides 



20 



described in detail herein (See Palk .7 ? 

Euiott . T"*"' »»0. "'ture 348 = 252-254; 

1991 L ' '" = »1-197,. F.1X, et .1 

34 ;82!«r -t .1., 1989, «at„« 

t^r sci -^-^ --«3-2,„, 

30 reference. incorporated herein by 

Briefly, HHC-peptide co«pl«,es «y be isolated by . 

complexes in rhf! """^ ^^^^^^ ^'^"Pl^ *>y incubating the 

3S The elut:/p" t^^^^^^^^^ -^^"^ ^" acetonitrile. 

exuted peptides may be fractionated and purified bv 
reverse phase hplc, as before. Purified by 
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The amino acid sequences of the eluted peptides may be 
determined either by manual or automated amino acid 
sequencing techniques well known in the art. Once the amino 
acid sequence of a potentially protective peptide has been 
S determined the peptide kay be synthesized in any desired 
amount using conventional peptide synthesis or other 
protocols well known in the art. 

Peptides having the same amino acid sequence as those 
isolated above may be synthesized by solid-phase peptide 
10 synthesis using procedures similar to those described by 
Merrifield, 1963, J. Am. Chem, Soc, 85:2149. During 
synthesis, N-a-protected amino acids having protected side 
Chains are added stepwise to a growing polypeptide chain 
linked by its C-terminal and to an insoluble polymeric 
15 support i.e., polystyrene beads. The peptides are 

synthesized by linking an amino group of an N-a-deprotected 
amino acid to an «-carboxy group of an N-a-protected amino 
acid that has been activated by reacting it with a reagent 
such as dicyclohexylcarbodiimide. The attachment of a free 
20 amino group to the activated carboxyl leads to peptide bond 
formation. The most commonly used N-a-protecting groups 
include Boc which is acid labile and Fmoc which is base 
labile. 

Briefly, the C-terminal N-a-protected amino acid is 
25 fxrst attached to the polystyrene beads. The N-a-protecting 
group is then removed. The deprotected a-amino group is 
coupled to the activated a-carboxylate group of the next N-a- 
protected amino acid. The process is repeated until the 
desxred peptide is synthesized. The resulting peptides are 
30 then Cleaved from the insoluble polymer support and the amino 
acid side chains deprotected. Longer peptides can be derived 
by condensation of protected peptide fragments. Details of 
appropriate chemistries, resins, protecting groups, protected 
35 TJ^l. '^""^ ^" so are 

solid Phase Peptide Synthesis: A Practical Approach, irl 
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2nd Ed., Springer-Verlag) . 

in t.. .rt .o .„ not aet.n .e"i„ " 

. Bwfl»ag«» i>nMa..<, MrltnilM 

Antigens or antigenic portions thereof can be sele=t.H 
tor use a, antigenic molecules, for co.plexin=\rK 
«ong U. ^ aeterTILr ;\lnr^^^^^^^^ 

^ «.le to bind to antibody or HHC .olecules (antige""!' ^ 
or generate i^un. response. (i».unogenicity, To aete™l 
^T'": antigenicity by detecting MnaLg to " 

««y eys'te. f rt^ i:—"— 

a. ^I'r""' ^"««^t assay,, -sandwich" 

P«"p!ti7'' ""y-, 9.1 diffusion 

precipitin reactions, i^unodiffu.ion assays, i„ vivo 
i^unoassays (using colloidal gold, enzyae'o; radi^Uotop. 
rT^V ''«'"«'"'l°ts, i»»unopre=ipitation 

reactions, agglutination assays (e.,., gel agglutinati"" 

"ooauwit, the secondary antibody is labelled m.„„ » 
«e kn«™ in the art for detecting billing in an l2„ 
•nd are «,vici„„ed for use. i„ one e^dLnt LT" \T 
3S i-unogenicity, T cell-.ediated responses "" be ' 
.t«,d.rd «thod., e.g., Vitro cytoxLity ass^s ' 
0.1.y«l-typ. hypersensitivity assays. ^ °' " 
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Potentially useful antigens or derivatives thereof for 
use as antigenic molecules can also be identified by various 
criteria, such as the antigen's involvement in neutralization 
of a pathogen's infectivity (wherein it is desired to treat 
5 or prevent infection by 'such a pathogen) (Norrby, i985 
Sununary in Vaccines 85, Lerner, et al. (eds.,, Cold Spring 
Harbor Laboratory, Cold Spring Harbor, New York, pp 
388-389), type or group specificity, recognition by patients' 
antisera or immune cells, and/or the demonstration of 
10 protective effects of antisera or immune cells specific for 
the antigen, in addition, where it is desired to treat or 
prevent a disease caused by pathogen, the antigen's encoded 
epitope should preferably display a small or no degree of 
antigenic variation in time or amongst different isolates of 
15 the same pathogen. 

Preferably, where it is desired to treat or prevent 
cancer, known tumor-specific antigens or fragments or 
derivatives thereof are used. For example, such tumor 
specific or tumor-associated antigens include, but are not 
20 limited to, KS 1/4 pan-carcinoma antigen (Perez and Walker 

1990, J. inununol. 142:3662-3667; Bumal, 1988, Hybridoma 
7(4):407-4l5); ovarian carcinoma antigen (CA125) (Yu et al 

1991, cancer Res, 51(2) : 468-475) ; prostatic acid phosphate " 
(Taller, et al., 1990, Nucl. Acids Res. 18(16) :4928) • 

25 prostate specific antigen (Henttu and vihko, 1989, sLken^. 
Biophys, Res. comm. 160(2) :903-910; Israeli, et al 1993 
cancer Res. 53:227-230); melanoma-associated antigen p97 ' 
(Estm, et al., 1989, j. Natl. Cancer Jnst. 81(6) :445-446) • 
melanoma antigen gp75 (Vijayasardahl, et al., 1990, j. exp 
30 Med. 171(4) :1375-1380) ; high molecular weight melanoma 

antigen (Natali, et al., 1987, Cancer 59:55-63) and prostate 
specific membrane antigen. 

in a specific embodiment, an antigen or fragment or 
derivative thereof specific to a certain tumor is selected 
35 for complexing to hsp and subsequent sensitization of APC 
Preferably, where it is desired to treat or prevent * 
viral diseases, molecules comprising epitopes of known 
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viruses are used »a ^^4^* 

-^t not llJted*^: h^^r*""' including, 
hepatitis ty^ c ;„«r * 

» «i»plex typH msi-x?^"' •"•-irus, herpes 

«- jrpe 1 (Hsv-i) herpes simDlex tv«*» tt 

rind«:p.et, rhinovirus, echo virus, r^vIL, T"' ' 
eyncytiei virus, p.piuo« virus, plpta v"«s""""'°'^ 
cyto..g.lovir»., «hinoviru8, arboviL 1^'* 
coxsachle virus, «.ps virus -easT.. vlru^ 
» polio virus, hu«„ i-u„od.f Ici."' vilr^ 

hu«„ i».unode«=i,„oy virus ty^ w^-ilT ' ' 
wh.r. it i. de.ir«. to treat ofpreverL. \ '*«««"y. 
»olec„le. comprising epitope, of ! " ' ^■"•«"°ns, 

example, such enti^eninpitopt™ r:'' 

" r^rtiia"""""" "cir:: 

rickettsia, »ycopia.«, neisseria and legionella 

Preferably, where it is desired to I ! 
protozoal infectious, ^lecuUs ct^, :,:np\t" ~ 
protozoa are used as antigenic .oleculL ' .or " 
" antigenic epitope, .ay be preoaredT 

not limited to. iLhlir". [^oa^ 
Preferably, where it is d^ired to";ea" orT"""'' 
P«asitic infectious, molecules comprieinTeoiton T 
parasites are used . ""Prising epitopes of known 

» antigenic epitZ «v L f'" 

".ited to.^chCra:: izzt" - 



5 '2 In Vitro Produotioa of str«.. 

peptides With whlT^^K -om-l^es of hsps and the 

«re not elX^ lo^l' "^"'^""^^ ""ciated in vivo 

«e produceTnirTwriVr." 

•killed in the art »h !, "PPreciated by those 

„ .-remenuon^: TjJ^^^TtZ^Z '^l^l 

purifxed or recombinant stress proteins in vitrl to 
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generate inuaunogenic non-covlent stress protein-antigenic 
molecule complexes. Alternatively, exogenous antigens or 
antigenic/iaBunogenic fragments or derivatives thereof can be 
noncovalently coinplexed to stress proteins for use in the 
5 inuBunotherapeutic or prophylactic vaccines of the invention 
A preferred, exemplary protocol for noncovalently complexing 
a stress protein and an antigenic molecule in vitro is 
discussed below. 

complexing, the hsps are pretreated with atp or 
10 low pH to remove any peptides that may be associated with the 
hsp Of interest. When the ATP procedure is used, excess ATP 
IS removed from the preparation by the addition of apyranase 
as described by Levy, et al., i99l, ceii 67:265-274, when 
the low PH procedure is used, the buffer is readjusted to 
15 neutral pH by the addition of pH modifying reagents. 

The antigenic molecules (l/ig) and the pretreated hsp 
(9Mg) are admixed to give an approximately 5 antigenic 
molecule: l stress protein molar ratio. Then, the mixture is 
incubated for 15 minutes to 3 hours at 4-45- c in a suitable 
20 binding buffer, for example, one containing 20»M sodium 

Phosphate, PH 7.2, 350mM NaCl, 3mM MgCl, and imM phenyl methyl 
sulfonyl fluoride (PMSP, . The preparations are centrifuged 
through Centricon 10 assembly (Millipore) to remove any 
unbound peptide. The association of the peptides with the 
25 stress proteins can be assayed by SDS-page. This is the 

preferred method for in vitro complexing of peptides isolated 
from MHCpeptide complexes of peptides disassociated from 
endogenous hsp-peptide complexes. 

in an alternative embodiment of the invention, preferred 
30 for producing complexes of hsp70 to exogenous antigenic 
molecules such as proteins, s-io micrograms of purified hsp 
is incubated with equimolar quantities of the antigenic 
molecule in 20mM sodium phosphate buffer pH 7.5, 0.5M NaCl 
3mM Mgci, and imM ADP in a volume of lOO microliter at 37 ^c' 
for 1 hr. This incubation mixture is further diluted to iml 
in phosphate-buffered saline. 
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"F-iexes Of gp96 hsp90 to peotides a ,n 

micrograms of purlfleri peptxaes, s-io 

purified 9P96 or hspPO is incubated with 
equimolar or excess quantities of 
S suitable buffer such^! antigenic peptide in a 

" containing 20mM sodlu» w 
'.u««, PH 7.5, 0.5M H.ca, ,m MgCl. at .0^- ■?,'7J';°'^''"« 
-inut... Thl. incubation .ixture iL .llovad J , 
teMparature and c.„tri,u,«5 .or. than on^ n 
through Cantricon 10 asaa^iy (Hilliporar t» "'"""^ 
" unbound peptide. («"Upore) to ranove any 

Following conplexing, the stress protei„-.„^ 
molecule complexas o.n P'^°"in-antiganie 

i-unogeniei^y^^J^^r^"^ :! 'T^ '"^ 
cell assay ,„.,c, dascriL "lo:.""^ 

a. ^v-phooyte taU^ "^r TrHru^r^^r^^^ 

prior to their use to sensitize L iT 

«..t this procedure is «,tir ly option .\d „^ """•'"'•x' 

to practice the present invantL * "'"""^ 

30 injected twice, 7-io day. T / 

ianunizatlon th- , " "'tar the last 

-ubsequently in vi^^ H '"ti-ul.t.d 

^""tiy in vitro by the addition of dead cells th.* 

express^! the co»pl«c of interest. * 
15 For .xa»ple, exlO* inmune .Dl..n ,..1,. 

With .itcycin c tr.atj irHrradilt^'rs 

infected cells for ^ irradiated (5-10,000 rads) 

(or cells transfected with an appropriate 
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cytotoxic T nt^-ii primary 
yuutoxxc T cell response after inununizatlon 

b. cuxturea Without stW.tion. ^w"' 
•PUm. cell. Of the imunlzad .ice ».y " *'**'^»«"'» 

X. sp.ci«clty Of the cytotoxic r ceU Jpon." 

in e rh^u^'^^cr^tLt """" cytotoxicity 
nour cr-release assay (see, Palladlno, .t ai ,o., 

cahcer *.s. 47:5074-5079 a«i Blachere, at al. Z,T", 
I-.»ot*«-apy 14:352-««,. in this assay, th^ Lxed 
" lynphocyte culture is added to a taroet l\T 

give different ! ' suspension to 

taroet ^ T *" Prelabelled by incubating ixlo' 

» i.-U„,. Bach ass" poin?,:" r^ttf ^""'^ 

triplicate and the ^lUrl^-lXtll ll^^Zl t" 
neasure spontaneous «cr release fno ^^""^^^^ ^° 

assav^ »r.^ release (no lymphocytes added to 

assay) and 100% release (cells Ivsed »ii-h a^*. 
in™ the cell sixties JZT. 

oT"r*ti::r[„"rr" " = 

counter. r:e:ctt^:~^ ' 

r " ■'""""•-•^^ "-".rrdw deTbr^^^^^ 

3. c^ "'"'"^ ^ .pontaneously released 

m order to block the MRC class i cascad« =. - 
hybridoi„ supernatant derived fro. K-44 hvbrl. """"'"'"^ 
anti-HHc Class 1 hybrids, i. IZJl t 1 tesTs" J" 
«nal concentration of 12.5*. *° " 

35 
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«.3. Obtaining llnoropliag«s and 

, Obtained by production in vitro fro. P"'«ably 

cexi. fro. K.«„ p.ripb.r.rbtod'':: ^ Ltrr?" 
by xnab.. K., .t .i., ^. „.d/^ ,:r'^'-'' 

„ Obtained fro. hlTr^^r it TwrHfT'", 
li.it.tion. ..crop..,.. ^ obtaLT.." r " 

^ -~tf~^ b.cd . 

Hypaciu, gradient centrifugation ' ' 

" o«, .ert^°:i\T:tbtt.r -^"^ — 

*or i hr. Kon-a^Ir^" "L'T ^"^"""-^ 
the adherent celi.^!^t T it ? ""^ Pipetting. To 
HOT* in phosphat!.u«. " '"^ 
„ roo. te.pera:„, .Tll'lZT X T^uT:^ T " 

incubating at 37" 1;! !^ '" ^ ""^'"'^ 
25 by incubating with aran«i ! "^""^^^^ "^V obtained 

1992, J. Exp. Med. i7«.,*o, ^ «^ al.. 



1992, J. Exp. Med. 12fi:1693-1702. 

SJh^ii^;: »ra..ntlng call. 

with lri^p.yy,,^|^^^^^ 



5.4. 

30 



35 



antig^cl\."r .Tin *^ ^ --covaientiy bound to 
co.plex«. ^. Ipc .r. ' ""^ with the 

antigenic .o^Ll bv in h . 

not li.it.tion, 4xi0'" croL. ' "'^ °' '""O^" 

' "crophages can be incubated vith 10 
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J » " hrs. in 

rel' l" ^-"^ -na 

re.usp.nded in a phyiologicl medi™ preferably sterile at 

LTT""' ""'/-I, for infusi» in a 

APCs are infused is the patient from which the wc were 
originally isolated (autologous e»bodi»ent) 

» for e^l'rr'th' "T/""*^ «>C to stimulate, 

IB for exan^ie, the antiw-speclfie, class i - restricted 
cytotoxic T-lynpbocvtes icm.\ k ,^ "^esi^rieted 
^ y«"pnooytes (CTL) can be nonitored by their 
ability to stlBulate CTLs to release tu.„,- „ ^ 

v.. .... release tu«or neurosis factor. 

and by their ability to act as targets of such CTLs a. 
described below In Exanple 6, below 

IS 

B«iBfll«le« ef a.i..<i;^,^fl 
The hsp-sensitized Mcrophages and other APC are 
reinfused into the patient systemically, preferably 

activated cells are reinfused, preferentially by systemic 
administration into the autologous patient. Patients 
generally receive fro. about lo' to about lo« eensitized 
"acrophages, depending on the condition of the patient, m 

« utab"! d"::'' 'T"'^ "'■"""'"^ -^tion a 

^t not ,r " ' Mologioal response modifier including 
but not limited to the cytokines IPH-a, IPH-e, 1L.4 
IL-6, TUP or other cytokine growth factor. 



IWrt Inf«n»<on. B<....|ti 

infectious diseases that can be treated or prevented bv 
the ^thods Of the present invention are caused rinfectious 
agents including but not limited to viruses, bacterir junT 
protozoa and parasites. "acteria, fungi 

35 math T't ^^'""^ ^"•'•^ « prevented by the 

Z T°' ^""»"" ^-1<"««. ^-t are not Lued 

to, those caused by hepatitis type A, hepatitis type B 
hepatitis type c, influenza, varicella, adenovirus he;pes 
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simplex type i rww-T* w 

rinaerp„t^ .mIL ' ."1" '''^ " 

syncytial viru., p.^,;J "'•-i"'-. respiratory 

cyto»eg.lovirus T^^L T 

h-.„ i«.u„o<,.«cie„cy virus t^Tlx^^ ' ' 

Bacterial di..a.„ that c« b. trea^eT ' 
the nathods of the 4 . prevented by 

" including, but Zl IZZ T: : ^ 
"ycopla..a. neieeeriatd ,e:;on~"'^ 
Protozoal diseases that can be tr..» ^ 
the .ethod. Of the present invelioMe T " 

tha .:::r:: i";":enTr„:::n - ~ 
— .ut not Lite: ttr;:- ar:Li:t::rr"" 



20 

Tareet f 



cancers that can be treat.rt\ 
the present invention itlle/Lt'"?!?,:' "''"^'^ 
sarco«s and carcinomas, e g t^T " *° 

Upo.arco„, =hondro..r;o:^:-;ste' 
» angiosarcca, andotheliosar^o^. i^l 

Iy-Phan,ioendotheuos.rco«n™ovtr"'"""°"'' 

tu»or, l.io^o,.rco«, rhab^o^Z'c^:: IT''"^' ^^"''^ 

pancreatic cancer br««o*- y°«aJ^cona, colon carcinoma, 

cancer, .^.-ou. ^u'ca^cL'^'b""''"" 

carci„o„, papiu^ cL" 91am, 
cystadenoc.r^Ll"^.LXl";-f" 
<»rolno«a, renal c«ci!L ! ' ^"'"*°'"'ic 

oarcl„c«a, chorlccarci!r ' ^ct 

3S Wli... » ™«x°<»roinoma, seminoma, embryonal 
3S Wilms- tumor, cervical cancer t..*./ , weinoma, 
carcinoma, small c.11 , '""c-lar tumor, lung 

epltheli. c" ci„:L l^J"""^- "-ci-o-a. 

oin«a, glioma, astrocytoma, meduUoblast™,, 
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neu,oM..o„, ^tl^.'^lT r^-T"'' 
lymphocytic leukemic ...^ ieiucemias, e.g., acute 

(granulocytic) l-uv-,i. . , «""-oinc »yelocytlc 

and PoIyc^^l.C' "1^°"^° ly-Phocytic leu.«ia,; 

another the can^L^ a til" T*'""'" ^" 

•pacific anbodinant T, anothar 

th^apy (e a ck™ !! undargona anti-cancar 

ai^aon Of the hsp-sensltlzed APC. 

Coioraetal Caaoar 

Wit. ooZ^jj'^::^'^: — "^-^-o 

0* coioractal ..".t^.: " ' 

P«ro.„t Of patiant. „i^ J ! °' ^"'^"^ "'""s, eo 

„ aiaaaaa Wvi„r;:\^.rr: 

have no avidanca of othar (^xtrahZt^ > 

«ta.tatic tu.ore of tha J^.,!"'"' ' Host 

primari... Onfortunatalv 5ra«trointaati„,i 

, • ""loixunately, the natural histDr^/ 

livar lasiona oarriaa . History of nataatatic 

cha^tharapy ..,1:::: :av?;\„~t:"r d~ 

-Ponaa rata, or altar l.„^ .ratvi^/'^Tr Tr"" 

"var, Which rapraaa^talha 1! =^-^"ion to the 

«ta,ta.i.. Th. .™»tLrr. ! °" ^^"'''•^ 

The .ypto™, that lead patianta with colorectal 



35 
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cancer. Results wO-h «k advanced colorectal 

chemotherapeutic agents (e a « 
10 fluorouracil) are nixed and fewer th»« J 

experience a greater than 5« ! ''^''""^ P«^i«»ts 

y*«5«ter ^nan 50 percent: veHu^^^^^ 

-coxitis ,„a/,r .y,losuppre,s"„ ' Otht tel"" 
including heoatlo r.Hi.n techniques, 
2. arterial u'f"" tl cryotherapy, hepatic 

an been explored, but, .or the . t pa" ZZT"'' ""^ 
ine«e=tu.l in prolongin, patient sur^^; ' 

» i^unity indiv^du^ ^u^°Lt ctrLtT 

metastasized to the liver In ! °«"°er 

. Aiver, in order to inhibit the 

=-e:: ^:^--^-^r - 

Which .ucitT^u^ r^7::rL\^^^^ " 

cells i„ . imunity against the tuner 

cance. patients, ..^^'^^Z ^ 

invent'""'"''^' " """"^^ °' Of the 

invention, h.p-sti.ul.t.d *Pc are administered toTpatient 
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diagnosed with colorectal cancer, with or without liver 
metastasis, by intravenous injection. 



5*7.2. Hepatooeimier Oraj^^,.^ 
5 Hepatocellular carcinoma is generally a disease of the 

elderly in the United States. Although many factors may lead 
to hepatocellular carcinoma, the disease is usually limited 
to those persons with preexisting liver disease. 
Approximately 60 to 80 percent of patients in the United 
10 States with hepatocellular carcinoma have a cirrhotic liver 
and about four percent of individuals with a cirrhotic liver 
eventually develop hepatocellular carcinoma (Niederhuber, 
J.E., (ed.), 1993, current Therapy in Oncology, B.C. Decker 
Mosby) . The risk is highest in patients whose liver disease 
15 IS caused by inherited hemochromatosis or hepatic B viral 
infection (Bradbear, R.a. , et al., 1985, j. Natl, cancer 
Inst. 75:81; Beasley, R.P., et al., 1981, Lancet 2:1129). 
Other causes of cirrhosis that can lead to hepatocellular 
carcinoma include alcohol abuse and hepatic fibrosis caused 
20 by chronic administration of methotrexate. The most frequent 
symptoms of hepatocellular carcinoma are the development of a 
painful mass in the right upper quadrant or epigastrium, 
accompanied by weight loss. In patients with cirrhosis,' the 
development of hepatocellular carcinoma is preceded by 
25 ascites, portal hypertension and relatively abrupt clinical 
deterioration, m most cases, abnormal values in standard 
liver function tests such as serum aminotransferase and 
alkaline phosphatase are observed. 

. f °^ ^^"'^'^ ""^^^ determine the anatomic 

30 distribution of hepatocellular carcinoma and also provide 
orientation for percutaneous needle biopsy. Approximately 70 
percent of patients with hepatocellular carcinoma have an 
elevated serum alpha-fetoprotein concentration (Mclntire, 
K.R., et al., 1975, Cancer J?es. 35:991) and its concentration 
35 correlates with the extent of the disease. 

Radical resection offers the only hope for cure in 
patients with hepatocellular carcinoma. Such operative 
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procedures are associated with f 

to 30 percent l1v«. J survival rates of 12 

Chemotherapeutic agents have been administered 11^ . 
xntr ^„ intrahepa: r.^^^^^^^^^ 

catheter, such therapy has soaetiaes been co»h^! . . 
irradiation to the liver 7 ^^^h 

Aiver. Reductions in the sl»« 
10 m..,ur.bla tumors of 50% or «,r. h.v. h..n 

patients tr..t.a eitHer s^rtlT "x"™':!:"!': 

morouraca. However, che-otherepy often mice/ 
itaunosuppression and rarely cause. ♦ 
-pxetely ana t.e dur.tion'of reZnl TZ^l 't"'*" 
iS prognosis for patient, with hepatoceUuiar carii: 

20 speolfio iMunity in i^f^^H ? ^ ""^ enhancing 

-patooeiiuiar :.^e"n^: r::^^tt:i:it": 

preneoplastic an neoplastic cells. 

25 

5.7.3. Breast g^^nrfr 

treatmlTo" ^^.T" "^'^ to the 

..ti~tld ! society 

3. (Ni«l.rh„b.r jTe! J """""^ *° 

3* y«r since 1»80 (Niederhuber j I " 

b.c. Decker, a';;)^' 

breast- "osoy, (1993)). The treatment of 

breast cancer presently involves surgery, radiation, h^onal 
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th.r.py and/or ch«.other.py. consideration ct two br.a,t 
=an=„ ohar.ct.ri.tice, hor»one receptors and dneasTextent 

cinr""' """"""^ Btandara-dose ' 

cheiiotherapy are sequenced to i«prove eurvlv.1 ■ . . 

s or Improve quality of lif. . "^vival and naintain 

re,i„e„s .av" ^.n' uL^'ad u^ 'Zl^^Tt^'^' 
P-tients. inciudin,, .ut not ^i-itrdTc^ r^^^^^^^ 
cyclophosph..id., doxorubicin, vincristine »ethotrexata s 
nuorouracil and/or X.ucovorin. xn a specific e^^ „«t 

21 el""? """"" =<»P<»"ion. and 

for enhancing specific i^unity to preneoplastic and 
neoplastic »«.,.ary cells in women, i^e present invention 
also provides compositions and methods for preventinr^e 
a.v.lopm«.t Of neoplastic cells in women at enhanced rU^ for 
15 breast cancer, and for inhibiting cancer cell prouLation 

.n^combination with each other or with biological response 



m a preferred Mibodiment of the invention directed to 

c^oi" r°'°'°"' •"■"'^"•^ "-tologous 
compl«.ee of hsp-peptides for the treatment or prevention of 
cancer, two of the most intractable hurdles to canT 
t'Z":""""" "i-o-vented. nrst is the possibility 

a , riiTd^inr r*" " •'^"""'^'^ 

T "'^'*=^"'=*- I" a preferred embodiment of the 
present invention, heps ch.p«:one antigenic peptides of Ih. 

hurdle, second, «,st current approaches to cancer 
i^unotherapy focus on determining the CTL-recognized 

atil^ilL ""*"• •^""•^ "'-ir" the 

a^ilabillty of cell li„.. .„d cTLs .gainst cancers. These 

n cancers, in an embodiment of the present invention 
directed to the use of autologous macrophages sti^ulatea with 
autologous complexes comprising hsp peptidL, cancer 
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epitopes o. c.LV:.u a^lT " '""""^'^ 

s cnoer. «<*««^iv. ,m novel i™.„„o,e„» .,.i„st 

There are many reasons why immunotherapy as provided h 

10 the present invention is desired for us. 

First, if cancer natl^n^- 7 Patients. 
/ * cancer patients are inmunosupDresseH 

preoperative oerJ«H *->.• . t'^'^opriate immunotherapy in the 
F tatxve period, this immunosuppression 

" c" Tr ■ *° "inL^^^^^^^^^^^ 

co,n.Uc.tion. end to accelerated wound healln,. c . 

In a specific embodiment, the preventive anH 

wwaipex:ence of the cancer patient 
25 at or after surgery and to ^ P*^""* either before surgery, 

cancer ceUs, ^^^To^^T^^^^ ^^-^^ - 

and With the ultimate cliLcaTob^^^^e^.^^^^^^^^^^^^^^ 
regression and eradication. ' 

^J'^'iJ^^'iaff o« Mfeots After 
<l.v.ll^.'r*°! '"""""-^W "ith «.sp-sti»ui.t,d »PC on 
iHo, »ethod» Suiown to one skilled in the art 

.cttvlty o^ cytolytic T-ly^hocytes in wt«,. c, levet o 
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tumor specific antigens, e.g., carcinoembryonic (CEA) 
antigens; d) changes in the morphology of tumors using 
techniques such as a computed tomographic (CT) scan; e) 
changes in levels of putative biomarkers of risk for a 
5 particular cancer in individuals at high risk; and f, changes 
in the morphology of tumors using a sonogram. 

PglavJ Hvniif B|,j^ y ^^^ 

Delayed hypersensitivity skin tests are of great value 
10 xn the. overall immunocompetence and cellular immunity to an 
antigen. Inability to react to a battery of common skin 
antigens is termed anergy (Sato, T. , et al, 1995, Clin 
j.mmunol. Pathol. 74:35-43). 

Proper technique of skin testing requires that the 
IS antigens be stored sterile at ^-c, protected fro- light and 
reconstituted .hort«J before use. A 25- or 27-gauge need 
ensures intrader«l, rather th«, subcutaneous, administration 
Of antigen. Twenty-four and 48 hours after intradermal 
administration of the «,tig«,, the largest dimensions of both 
20 erythema and induration are measured with a ruler 

Hypoactivity to any ,lv«, antigen or group of antigens is 
confirmed by testing with higher concentrations of antigen 
or in ambiguous circumstances, by a repeat test with an 
intermediate test. 

25 

S.10.2. Aotlvity of cytolytic 
T-lvmDheavt>« jn y^^j.^ 

Eight X io« peripheral blood derived T lymphocytes 

isolated by the Picoll-Hypaque centrifugation gradient 

30 technique, are restimulated with 4x10* mitomycin c treated 

tumor cells in 3nl rpmi medium containing 10% fetal calf 

serum, m some experiments, 33% secondary mixed lymphocyte 

culture supernatant or IL-2, is included in the culture 

medium as a source of T cell growth factors. 

" 1^ K^" T^^"" P'^^*^ ^^^Ponse Of cytolytic T- 

lymphocytes after immunization, T cells are cultured without 
the stimulator tumor cells, m other experiments, r ceir 



- 37 - 



W fP PCT/US96/14558- 

are resti^ulated with antigenically distinct cells Aft 
SIX days, the cultures are t««^oH 1 

«cr-release assay. The ILt I ^^'^^^^^^^^ - ^ hour 

targets should reU ^ 
S Class X .locKin. activity, a o iTL^c^L^^^^^^^^ ^"^^""^^ 
Of WS/32 hybrido^a is added to the test at ' . 
concentration of 12.5% (Heike M., et al j 1 
15:165-174). ' • ■^'n»"«ot/ierapy 

Although it nay not be possible to detect „! 
antigens on all tu™«,.« \ detect unique tuaor 

"o on ail tumors, many tumors disnia^r 
distinmiioK 4.U -""wxTB aispiay antigens that 

aistinguish them from normal cells Tho , 

» *«actericatio„ of th. .„ti,e„s been "v.'u.ble 

" antigens are expressed during eabryogenesis bu» T \ 
or very difficult to detect in norLHduu tile T"' 
prototype antigen is carcinoe^ryonic ant gen "L," a 
, ycoprotein found on fetai gut an .u^„ coion'c.^ „ celis 
but not on normal adult colon cells slno« n.. • ' 

» coion carcinca ceU. and found T^/IT^VLT 
originally thought that the presence of th. I 

^'""'^er, also have elevated serum levels of ppi 
-storing tbe fall and rise of Z leve^'.^ 

augnos::g"^:rittr:rrsi^^^^^^^^^^^ 

■liver and yolk sac cells is foimrt t„ 

lis, 18 found in the serum of patients 
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With liver and germinal cell tumors and can be used as a 
matter of disease status. 

5 CT remains the choice of techniques for the accurate 

staging of cancers. CT has proved more sensitive and 
specific than any other imaging techniques for the detection 
of metastases. 

" s.io.s. MoaBttreient nf Pti^^tiTt ftirairKprp 

The levels of a putative biomarker for risk of a 
specific cancer are measured to monitor the effect of hsp 
noncovalently bound to peptide complexes. For example in 
individuals at enhanced risk for prostate cancer, serum 
15 prostate-specific antigen (PSA) is measured by the procedure 
described by Brawer, M.K., et. al., 1992, J. urol. 147:841- 
845, and Catalona, W.J. , et al., 1993, JAMA 270:948-958; or 
in individuals at risk for colorectal cancer CEA is measured 
as described above in Section 4.5.3; and in individuals at 
20 enhanced risk for breast cancer, 16-a-hydroxylation of 
estradiol is measured by the procedure described by 
Schneider, J. et al., 1982, Proc. J^atl. Acad. Sci. USA 
79:3047-3051. The references cited above are incorporated by 
reference herein in their entirety. 

25 

5.10.6. Seaegrain 
A sonogram remains an alternative choice of technique 
for the accurate staging of cancers. 

PBPTIDBS ARB RB-PREfiBNTBD BY MBC j 
MOLBCTOBB OP MAtiftOP|fft^g ^ 

The possibility of re-presentation of HSP-chaperoned 
peptides by phagocytic cells was tested directly using a 
vesicular stomatitis virus (VSV) model, for example, the VSV- 
infected cell line, EL4 cells. 
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Method* una Mai^Ti fllf- 

transit" a""^":::*: '"^""^ '"'""'^"'"^ 

VSl (Kl cel!^,^:/r ' ™=l«=.peia protein 

I -L cexxc; and from untransfected eta 

» control,, aeoordln, to prooedures deslLa .L' 
5. «»=oriDea above m Section 

MacrophagM prepared from o.2,i Dri»*.- . . 

peritoneal exudate cell. fro. C57BL/6 ^'^'j'^"*'— ^"^-^ 

1x10^ macrophages were cultured in *.k 
or 10 »icro,ra./.l derived "rl Ki ceU. ZIT T, 
VSV peptide-epecifio CTL (5 v ,«>^ 

product was ::.^ir.;ra^^^^^^^^^^ r"'r 

using WEHI164 cells. cytotoxicity a.say 

BeriaS"!L"d"' " °°=""""<' "i"- 

separate wells as oZll IZ^TT.T ""^ ^" 

50iil 3-rA ^- -.w a 4 hr incubation at 37»c 

ovfii 3-f4,5-dnnethyl thia2ol-2-vn- 5 «; ^- i. , 

bromide (mtt) fsiGMA r . ' ^^^^ tetrazolium 

inii; (SIGMA, St. Louis) (Img/nl) was 
incubated for a fu*.*-h«- a u was added and 



30 



Of 50% of WEHH64 cells. 



Macrophages sensitized with gp96 Isoi**.-.^ * 
stimulated release of TNP hv vc^ ^^^/^o^^ted from Ni cells 
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«.3. Ability of 8«Miti8«d Maorophagas 

^ Act Aa Tarneta of eTj.p 

Peritoneal macrophages (5xl0«) were sensitized with gpge 
(10 micrograms/Ml) derived fro» Nl cells, EL4 cells, vsv 
5 nucleocapsid epitope peptide (lo micro m) as a positive 
control, or culture aediun as control, for 2 hr at 37«c 
followed by labeling with «Cr for 1.5 hr. These sensitized 
macrophages were used as targets in a 4 hr "cr-release assay 
with VSV-specific CTLs. ^ 
10 Anti.CD4 mAb (CK1.5), anti-CD8 mAb (yTS169.4) , anti-H.2K^ 

»Ab (Y3), anti.H.2D'' mAb (B22.249) or RPMI control were added 
to the CTL assay at the same time as effector cells and "cr- 
labeled macrophages sensitized with gp96 from Nl cells. 

15 



Macrophages sensitized with gp96 isolated from Nl cells 
were lysed by anti-VSV CTLs whereas those sensitized with 
gp96 from EL4 cells were not (Figure IB) . The lysis is 
blocked by anti-MHC class I (Jb) and anti-CD8 antibodies but 
not by anti-MHC class I (D6) and anti-CD4 antibodies (Figure 



25 



Thus, gp96 molecules isolated from Nl cells chaperone 
the Kb-epitope of VSV and this epitope is inducted into the 
endogenous presentation pathway of macrophages, 

7. mUELEfi: ADOPTIVE TRANSFER OP SENSITIZED 



7.1. 



Mflf rials and Methaflp 



Peritoneal macrophages were collected three days after 
injecting nominally healthy BALB/cJ mice with 0.2ml pristane 
(Sigma, St. Louis) intraperitoneal ly, by centrifuging the 
peritoneal exudate. 

Peritoneal exudate cells (pec) or macrophages (4xlo') 
33 were incubated at 37.C for 3 hr in Iml rpmi containing 50Mg 
gp96-peptide complexes derived from Methylcholanthrene- 
induced tumors or from liver. The macrophages were then 
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washed 3 times and resuarhon/^^^ 

i-eBuspended at a concentrate of ixio'/i.i <. 
RPMI Bediua. 200 Bicrollter of ^ht. ' " 

_. . ^ "icroiiter of this suspension was used to 
inject mice intraperitoneally as described in the 
experiuental protocol below. 

5 

7.2. Xethyleholutbrana (Meth »)- 
laauaed «arm.. in,^^] 



Five group, of »lce were given the following treata.e„t» 

infection Of 9^9 9P96-peptid. complexes derived fro» liver 
tissue, c, intraperitoneal Infection with 5x10' pec or 

^^ZZl ir'""' ^"-peptide coMplexes derived 

fro« nor-al liver; d) Subcutaneous injection containing 9«g 
gp»«-peptid. co»plex.s derived fro. Meth A tu»or cells and 
» e, intraperitoneal injection with Sxio* PEC or .acrophages 

The above treatment regimes were administered twice at 
weekly intervals before injecting intradermally, i weL ^fter 
2. the second injection, ixlo' Meth A tumor cells Tumor gro^h 
was monitored by measuring the average tumor diameter. 

7-3. BCSaUl 

^""^^ comparable in groups A, B and c i e 

der" T: ' ""^"^ « the ,p, 

derived from liver tissue, m mice treated directly with 
9P96-peptide complexes ,o, or with ,p9.-peptid. complex 
ZT,tT t-o' ^owth was markedly 

or the gp96 derived fro. liver (Pigure 2, . Thus, 
.d-inxstration of gp96-p.ptide complexes directly or adoptive 
therapy w th macrophages and/or other APC sensitLed !ith 
ZlZViV""""" ^""^'-^ "P"«nts an 

i» JSi aT i rd"^^^^^^ « 
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The present invention is not to be limited in scope by 
the specific embodiments described herein. Indeed, various 
modifications of the invention in addition to those described 
herein will become apparent to those skilled in the art from 
5 the foregoing description and accompanying figures, siich 
modifications are intended to fall within the scope of the 
appended claims. 

Various publications are cited herein, the disclosures 
of which are incorporated by reference in their entireties. 
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WHAT IS CLAZMED 18 j 



5 (a) sensitizing antigen presenting cells in vitro 

with a sensitizing- effective amount of a 
complex of a heat shock protein noncovalently 
bound to an antigenic molecule; and 
(b) administering to the individual a 
" therapeutically effective amount of the 

sensitized antigen presenting cells. 

2. A method Of treating an individual having cancer 
comprxsing administering to the individual a therapeutLa.iy 

Titl ^th P"-"^-' «lls have been sensitized in 

lo^d r ' ' " noncovalently 

bound to an antigenic molecule. ^ 

20 3. The method according to claim l wherein the 

individual is human. 

4. The method according to claim 2 wherein the 
individual is human. 

25 

presenUna^crir^"" '° ' ^"^i^- 

presenting cells are autologous to the human. 

30 presenUna^c!,?'"''"" '""^'""^ ^° ' "^^"^'^ antigen 

presenting cells are autologous to the human. 

7. The method according to claim 3 wherein the antiaen 
presenting cells are allogeneic to the human. ' 

presentln/*''ir''"' ""'"'"^ '° ' -tigen 

presenting cells are allogeneic to the human. 



35 
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9. The method according to claim 3 or 4 wherein the 
cancer is selected from the group consisting of fibrosarcoma, 
myxosarcoma, liposarcoma, chondrosarcoma, osteogenic sarcoma, 
chordoma, angiosarcoma, endotheliosarcoma, lymphangiosarcoma,' 
S lymphangioendotheliosarcoma, synovioma, mesothelioma, Ewing's 
tumor, leiomyosarcoma, rhabdomyosarcoma, colon carcinoma, 
pancreatic cancer, breast cancer, ovarian cancer, prostate 
cancer, squamous cell carcinoma, basal cell- carcinoma, 
adenocarcinoma, sweat gland carcinoma, sebaceous gland 
10 carcinoma, papillary carcinoma, papillary adenocarcinomas, 
cystadenocarcinoma, medullary carcinoma, bronchogenic 
carcinoma, renal cell carcinoma, hepatoma, bile duct 
carcinoma, choriocarcinoma, seminoma, embryonal carcinoma, 
Wilms' tumor, cervical cancer, testicular tumor, lung 
15 carcinoma, small cell lung carcinoma, bladder carcinoma, 
epithelial carcinoma, glioma, astrocytoma, medulloblastoma, 
craniopharyngioma, ependymoma, pinealoma, hemangioblastoma , 
acoustic neuroma, oligodendroglioma, meningioma, melanoma, 
neuroblastoma, retinoblastoma, leukemia, lymphoma, multiple 
20 myeloma, WaldenstrSm's macroglobulinemia, and heavy chain 
disease. 

10. The method according to claim 3 or 4 wherein the 
heat shock protein is selected from the group consisting of 

25 hspvo, hsp90, gp96, and a combination thereof. 

11. The method according to claim 4 wherein the heat 
shock protein is hspTO. 

30 12. The method of according to claim 4 wherein the heat 

shock protein is hsp90. 

13. The method according to claim 4 wherein the heat 
shock protein is gp96, 

35 

14. The method according to claim 4 wherein the complex 
is isolated from a tumor autologous to the human. 
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is isolator,' to clai. 4 wher.in the complex 

IS isolated froB a tunor .llog«,eic to the hu».n. 

16. The method according to claim 4 fu,.).h., - . . 
S aa^inistering to t.e .u»a„ an ef^ectiCe ILT:; a 
biological response modifier selected £ro» the group 
consisting of interferon-a, interferon-a, interleu,cin-2 
xnterleu3cxn-4, interleuXin-e and tu»or necrosis factor 

10 17. The method according to claim 4 wherein the 

therapeutically effective amount is in the range of lo* to xo" 

18. The method according to claim 4 wherein the cells 
15 are administered intravenously. 

is isolated ^° 4 wherein the complex 

isolated from cells of said cancer of the individual. 

20 20. The method according to claim 4 wherein the 

antigenic molecule is an exogenous antigenic molecule. 

21. The method according to claim 20 in which the 
exogenous antigenic molecule is a tumor antigen. 

22. A method of treating or preventing an infectious 
disease in an individual in whom such treatment or preve'ion 
IS desired comprising the steps of: Prevention 

sensitizing antigen presenting cells in vitro 
with a sensitizing-effective amount of a 
complex of a heat shock protein noncovalently 
bound to an antigenic molecule; and 
(b) administering to the individual a 

therapeutically effective amount of the 
sensitized antigen presenting cells. 



(a) 

30 
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23. A method of treating or preventing an infectious 
disease in an individual in whom such treatment or prevention 
IS desired comprising administering to the individual a 
therapeutically effective amount of sensitized antigen 
5 presenting cells, in which the antigen presenting cells have 
been sensitized in vitro with a complex of a heat shock 
protein noncovalently bound to an antigenic molecule. 

24. The method according to claim 22 wherein the 
10 individual is human. 

25. The method according to claim 23 wherein the 
individual is human. 



15 



20 



26. The method according to claim 24 wherein the 
antigen presenting cells are autologous to the human. 

27. The method according to claim 25 wherein the 
antigen presenting cells are autologous to the human. 

28. The method according to claim 24 wherein the 
antigen presenting cells are allogeneic to the human. 

29. The method according to claim 25 wherein the 
25 antigen presenting cells are allogeneic to the human. 

30. The method according to claim 25 wherein the 
complex is isolated from a cell infected with an infectious 
agent that causes the infectious disease. 

30 

31. The method according to claim 30 wherein the cell 
is autologous to the human. 

32. The method according to claim 25 wherein the 
35 antigenic molecule is an exogenous antigenic molecule. 
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33. The method according to claim 32 wherein the 
exogenous antigenic molecule is an antigen of an infectious 
agent that causes the infectious disease. 

5 34. The method according to claim 25 wherein the 

infectious disease is caused by a virus, bacterium, fungus 
parasite, or protozoa. ^ ' 

35. The method according to Claim 25 Wherein the heat 
10 Shock protein is selected from the group consisting of hsp70 

hspgo, gp96 and a combination thereof. ' 

36. A pharmaceutical composition comprising a 
therapeutically effective amount of sensitized antigen 

15 presenting cells, in a pharmaceutical ly acceptable carrier 
in Which the antigen presenting cells have been sensitized'in 
vitro with a complex of a heat shock protein noncovalently 
bound to an antigenic molecule. 

20 37. The composition of claim 36 in which the antigen 

presenting cells are human. 

38. The composition of claim 37 wherein the heat shock 
protexn is selected from the group consisting of hsp70 

25 hsp90, gp96 and a combination thereof. 

39. A kit comprising in a container a complex of a heat 
shock protein noncovalently bound to an antigenic molecule, 
in Which the antigenic molecule is an exogenous antigen or 

30 antigenic or immunogenic fragment or derivative thereof. 

40. The kit of claim 39 which further comprises in a 
second container human antigen presenting cells'. 

35 41. A method of preventing cancer in an individual in 

Whom such prevention is desired comprising the steps of: 
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(a) sensitizing antigen presenting cells in vitro 
with a sensitizing- effective amount of a 
complex of a heat shock protein noncovalently 
bound to an antigenic molecule; and 
administering to the individual a 
therapeutically effective amount of the 
sensitized antigen presenting cells. 



(b) 



42. A method of preventing cancer in an individual in 
10 Whom such prevention is desired comprising administering to 
the individual a therapeutically effective amount of 
sensitized antigen presenting cells, in which the antigen 
presenting cells have been sensitized in vitro with a complex 
of a heat shock protein noncovalently bound to an antigenic 
15 molecule. 

43. The method according to claim 3, 4, 6, 2 4, 25 or 42 
in Which the antigen presenting cells comprise macrophages. 



20 



25 



30 



35 
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